Objective: The aim of this study was to quantify the cardiorespiratory response and energy expenditure of women pushing a stroller (single and double) outdoor. Study Design: Observational. Background: There are limited and confl icting reports on the guidelines for improving fi tness while pushing a stroller. Methods and Measures: Two cohorts of women participated; 11 women (25.5 ± 5.2 years) for a single stroller and 17 women (22.9 ± 0.9 years) for a double stroller. All subjects completed a treadmill maximal exercise capacity test and exercise trials pushing a weighted stroller outdoor at 3.0 and 4.0 mph. Oxygen consumption ( V O 2 ), caloric expenditure (kcal), and heart rate (HR) were measured. Results: The absolute mean intensity for single/double stroller was 4.8/5.3 metabolic equivalents (METs) at 3.0 mph and 7.0/7.0 METs at 4.0 mph. The mean relative intensity (percent HR reserve) for single/double stroller was 55.1%/63.9% at 3 mph and 67.9%/73.9% at 4 mph. Percent maximal oxygen uptake reserve (% VO 2 R ) for single/double stroller was 37.2%/43.7% at 3 mph and 53.9%/57.6% at 4 mph. Energy expenditure was 5.3/5.2 kcal/min at 3 mph and 7.7/6.9 kcal/min at 4 mph. Conclusions: Pushing a weighted single or double stroller at least 3.0 mph meets the absolute intensity guidelines for improving cardiorespiratory fi tness and can yield health and fi tness benefi ts. Key Words: energy expenditure , heart rate , oxygen consumption , women as between 3 and 6 metabolic equivalents (METs) 40% to 85% of heart-rate reserve (HRR) or oxygen uptake reserve ( VO 2 R ), and 64% to 94% of heart-rate maximum (HR max ). 1 Physical activity participation has been associated with a decreased occurrence of coronary heart disease, hypertension, type 2 diabetes, osteoporosis, colon cancer, anxiety, and depression. 2 A positive relationship between physical activity levels and general health, mental health, reduced obesity, and vitality has been demonstrated among women aged 18 to 75 years. 3 , 4 Despite the myriad health benefi ts, many adults, particularly women, remain inactive. In a nationwide survey, more than 40% of women reported performing no leisure-time physical activities. 5 Limited and confl icting data have been published on physical activity performed by new mothers. In an Australian study of approximately 40 000 women, those living with children were found to have lower levels of physical activity than those without children. 3 However, a US study of women before pregnancy and postpartum found no change in total self-reported physical activity. However, this study found a change in types of activities the women performed. 6 The ACSM currently recommends that postpartum women resume exercise 4 to 6 weeks after an uncomplicated delivery and gradually increase activity until prepregnancy levels are obtained. 7 However, several studies suggest that adherence to these guidelines is suboptimal. A study of multiethnic healthy women reported that 64.5% of women were inactive after childbirth, including 43% of the women who had been active before pregnancy. 8 Women begin to decrease their physical activities during pregnancy, and, in many instances, this reduction persists up to 6 months postpartum. 9 The Institute of Medicine current guidelines recommend that weight gain associated with pregnancy should be between 25 and 35 lb (11.3-15.9 kg) for healthy prepregnancy body mass index (BMI), between 15 and 25 lb (6.8-11.3 kg) for women who are classifi ed as overweight, and between 12 and 20 lb (5.4-9.1 kg) for obese women.
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INTRODUCTION
Physical activity guidelines published by the American College of Sports Medicine (ACSM) recommend that adults perform at least 30 minutes of moderateintensity physical activity on 5 days per week or vigorous intensity for a minimum of 20 minutes on 3 days per week. 1 Moderate-intense activity is defi ned in North Carolina, average weight retention between pregnancies was 4.9 kg (10.8 lb) with a large variation (8.7 kg or 19.1 lb). 11 Another study with approximately 1400 women reported that the variability of weight change from pre-pregnancy to 1 year postpartum was − 12.3 to + 26.5 kg ( − 27.1 to + 58.3 lb). 12 Excessive gestational weight is one of the key factors for retaining weight in the postpartum period. 13 -15 The retained pregnancy weight can lead to a higher incidence of obesity-related pathologies among mothers. 16 Physical activity is a viable approach to minimizing postpartum weight retention.
Walking is a popular form of physical activity among adults and is a modality through which postpartum women can become or remain physically active and potentially reduce postpartum weight retention. In one study of new mothers, 80% stated that they believed walking was a great form of exercise. 17 The Compendium of Physical Activities lists walking at 3 mph on level ground as 3.3 METs but pushing a stroller at an unspecifi ed pace as only 2.5 METs. 18 In a study of mothers' energy expenditure during daily tasks, Brown et al 19 reported that walking with a single stroller at 5.0 km/h (3.1 mph) produced an intensity of 4.9 METs. Recently, the intensity of walking at 3 mph on a treadmill pushing a single stroller was reported as 4.1 METs. 20 The variation in MET values between these data could be caused by walking pace, environment, and stroller specifi cations.
We hypothesized that pushing a weighted baby stroller would meet the recommended guidelines for moderate-intensity exercise as stated by public health organizations. The purpose of this study was to quantify the cardiorespiratory effects and energy expenditure associated with pushing a stroller outdoors at selected intensities (3 and 4 mph) and to determine whether this activity meets the guidelines for improving or maintaining cardiorespiratory fi tness.
METHODS AND MEASURES
Two nonrandomized cohorts of healthy females (single stroller, n = 11; and double stroller, n = 17) from the University of Wisconsin-La Crosse participated in this study. All subjects signed a written informed consent approved by the University of Wisconsin-La Crosse institutional review board before participation. Demographic information (age, weight, height, and gravid status) was obtained before initiating the study. Each participant completed an incremental exercise test to fatigue using the Bruce protocol to obtain their maximal exercise capacity ( Vo 2peak ). 7 On a separate day, subjects performed exercise trials with either the single stroller (Kolcraft Jeep Liberty Urban Terrain 3-wheel, Kolcraft Enterprises, Inc, East Aberdeen, North Carolina) or double stroller (Kolcraft Universal Express Rider, Kolcraft Enterprises, Inc, East Aberdeen, North Carolina). Heart rate was measured by radiotelemetry (Polar, Port Washington, New York). To simulate the weight of an infant and gear, 35 lb and 50 lb were added to the single and double strollers, respectively. Trials consisted of walking a standard route on a level sidewalk at 3.0 mph and 4.0 mph in a randomly selected order. The participant rested between trials until her heart rate returned to resting levels.
A portable speedometer device (Schwinn, Inc) was used to measure the speed of the stroller and a global positioning system watch (Forerunner 305 Garmin) measured the average speed and meters traveled; both devices were attached to the handle of the stroller. A research assistant walked slightly behind the subject to verify and assist in maintaining a steady pace. An Oxycon Mobile wireless portable ergospirometry system (ViaSys, Yorba Linda, California) was used to obtain oxygen consumption ( VO 2 ) and a heart-rate monitor was worn on the chest that transmitted data directly to the portable metabolic unit.
Physiologic data (ie, HR steady state, relative VO 2 steady state, and absolute VO 2 steady state ) were obtained continuously (breath by breath) during all exercise sessions. Data were averaged in 20-second intervals for analysis and steady state was determined from the fi nal 2 minutes of each trial. The average trial was approximately 5 to 6 minutes in duration. Resting HR was obtained while women rested in a chair quietly for approximately 5 minutes on a nontest date and 3.5 ml kg − 1 min − 1 was used for the resting relative VO 2 value. 7 The percentages of VO 2 reserve (% VO 2 R ) and heart-rate reserve (% HRR) were calculated for steady state conditions using the following equations 7 :
Energy cost (kcal/min) was calculated by identifying the steady state absolute oxygen consumption ( VO 2; L.min − 1 ) from the metabolic unit and multiplying by 5. 7 A 2-way repeated-measures analysis of variance was conducted to determine whether there were overall differences in dependent variables between speeds and stroller type. Independent t -tests were performed to compare descriptive variables between stroller cohorts.
RESULTS
Independent t -tests revealed no differences ( P > .05) in age, weight, BMI, VO 2 peak , and heart rate (resting or maximum) between single and double stroller groups ( Table 1 ). There were signifi cant differences METs at 3 mph and 7.0 METs at 4 mph, substantially higher than the published compendium value of 2.5 METs for pushing or pulling a stroller with children at an unspecifi ed speed. 18 The current study used a relatively fl at outdoor walking surface and a weighted stroller to simulate the load of 1 or 2 small children with supplies. Brown et al 19 
As anticipated, heart-rate, oxygen consumption, and energy expenditure were greater at 4 mph than 3 mph for both single and double strollers. Although the HR response to pushing the double stroller was greater than the single stroller because of increased size and weight, not all variables followed this pattern. Oxygen consumption (expressed as ml kg − 1 min − 1 ) and METs were greater for the double stroller at 3 mph but not at 4 mph. Although not statistically signifi cant, a higher body weight in the single stroller cohort resulted in higher oxygen consumption (expressed as L/min) and energy expenditure for the single stroller compared with the double stroller.
The ACSM recommends that an adult individual exercise at moderate to vigorous intensity to achieve health and fi tness benefi ts, which is equivalent to 40% to 85% of their measured VO 2 R /HRR or greater than 64% of HR max . 7 Others have reported for those with a VO 2max values lower than 40 ml kg − 1 min − 1 that a training intensity greater than 30% HRR or VO 2 R would be suffi cient for a training effect. 21 The ( P < .05) between 3.0 and 4.0 mph for all variables (HR, % HRR, VO 2 , % VO 2 R , METs, and kcal/min) ( Table 2 ). Pushing a single or double stroller at 3.0 mph resulted in a mean absolute intensity of 4.8 and 5.3 METs, meeting the defi nition of moderateintensity physical activity (3.0-5.9 METs); at 4.0 mph the mean intensity was 7.0 METs for both strollers, meeting the defi nition of vigorous-intensity exercise ( > 6.0 METs). 1 Heart rate was 18% and 11% higher for the double stroller than single stroller at the 3 mph and 4 mph speeds, respectively ( P < .05). Similarly, % VO 2 R values were higher for the double stroller compared with the single stroller condition, regardless of stroller speed.
DISCUSSION
This study sought to determine the cardiorespiratory responses and energy expenditure of pushing strollers outdoor at various walking speeds. The absolute average intensity of pushing a single stroller was 4.8 Energy cost, kcal/min 5.3 ± 0.8 a 7.7 ± 1.0 5.2 ± 0.5 a 6.9 ± 0.5
Abbreviations: bpm, beats per minute; HRR, heart-rate reserve; VO 2 , oxygen consumption; VO 2 R, reserve oxygen consumption. a Signifi cantly different between 3 mph and 4 mph within a stroller type, P < .05. b Signifi cantly different between stroller types, P < .05; ml kg − 1 min − 1 = milliliters oxygen consumed per kilogram per minute.
Volume 37 • Number 3 • September/December 2013 recommendation for postpartum women is similar to that for adults with the addition of initiating gradual exercise as soon as it is medically safe, which typically occurs approximately 4 to 6 weeks after delivery. 7 , 22 However, there are no specifi c guidelines for exercise prescription for initiating a physical activity program in the postpartum period. The US Surgeon General report of physical activity 23 and ACSM 1 , 7 have classifi ed moderate intensity as between 3 and 5.9 METs in metabolic terms. Walking at 3.0 mph has been reported to be a 3.3 MET level and would meet the moderate-intensity level. Therefore, the MET level recorded from pushing a single or double stroller at least 3 mph would also be considered moderate level (4.8 and 5.3 METs) for this group of female participants.
Intensity expressed as % HR max ranged from 57.2% to 69.2% at 3 and 4 mph for the single stroller and 64% to 74% for the double stroller, meeting the threshold for moderate intensity for all but the single stroller at 3 mph. The mean % VO 2 R ranged from 37.2% to 53.9% for the single stroller and 43.7% to 57.6% for the double stroller at 3.0 and 4.0 mph, respectively. Similarly, the mean % HHR ranged from 55.13% to 67.9% for the single stroller and from 63.9% to 73.9% for the double stroller at 3.0 and 4.0 mph. For this group of subjects, 3.0 mph with the single stroller ( VO 2 R ) was not suffi cient to meet the guideline for moderate intensity ( > 40%). This may be because of the relatively high fi tness level (mean V O 2peak 44 ml kg − 1 min − 1 ) and low BMI (22) of the college-age subjects in this study. For less-fi t women, pushing a single stroller at 3 mph might exceed the 40% Vo 2 R threshold (40% HRR or VO 2 R ). It has been reported that up to 20% of postpartum women are 11 to 14 pounds heavier than they were before becoming pregnant at 18 months postpartum. 14 In addition, physical activity in the immediate postpartum period (fi rst 6 weeks postpartum) is less compared with prepregnancy levels for more than 50% of the women. 24 Depending on current fi tness level, a postpartum woman walking at least 3.0 mph while pushing a double or single baby stroller may achieve suffi cient cardiorespiratory stimulus for health and fi tness benefi ts.
The recommended energy expenditure for adults is approximately 200 kcal per session or greater than 150 min/wk of moderate-intensity physical activity. 4 , 23 , 25 Our results show that approximately 5.0 kcal/min is expended at 3.0 mph for either stroller and 6.9 to 7.7 kcal/min at 4.0 mph. These results demonstrate that the total energy expended in a 40-minute session would be approximately 200 kcal per session for single stroller and 280 to 300 kcal per session for double stroller.
Previous studies in postpartum women have indicated that physical activity alone will not result in signifi cant weight loss 26 but will have benefi cial impact on a reduction of fat mass and maintaining lean mass. 27 However, others have reported that postpartum women participating in physical activity in combination with nutritional interventions at low and moderate intensities improve cardiovascular disease risk factors (weight loss, glucose concentrations, and low-density lipoproteins) compared to inactive women. 28 -30 Postpartum women often reduce physical activity because of physiological, behavioral, and psychological changes such as limited childcare, additional children in the home, and work schedules. 8 , 31 Exercise guidelines for postpartum women are limited. However, Mottola 32 recommends after approval from health care provider that postpartum women initiate a physical activity program such as pushing a baby stroller as a way to meet the guidelines for aerobic activity of moderate intensity to at least 150 minutes per week.
Limitations of this study include the small sample size for both groups and the challenge of sustaining a constant speed, while pushing a stroller. In addition, the arbitrary weight used in the stroller does not represent the weight of all children and supplies used when taking a child for a walk and therefore the results refl ect an estimate workload. The 2 strollers also used do not refl ect all baby strollers; some might be easier or harder to push for a variety of reasons. The testing was performed outdoor in varied weather conditions on a university campus with occasional distractions. Ratings of perceived exertion and walking intensity without pushing a stroller would have been useful information to have collected. The subjects were nulliparous except one and possessed relatively high fi tness levels and healthy BMIs. Although logistically challenging, repeating this study with postpartum women would provide potentially more applicable data.
CONCLUSIONS
This study confi rms the potential health benefi ts of pushing a baby stroller (single or double) for women by fulfi lling the ACSM and HHS guidelines for improving and maintaining cardiorespiratory fi tness. This is important, as low physical activity levels during pregnancy and postpartum may contribute to obesity in women. In addition, the average intensity of pushing a baby stroller (single and double) was significantly greater than the compendium value. Pushing a baby stroller is an option for new mothers to promote and maintain health benefi ts by walking 30 to 50 minutes, 3 to 5 days per week at between 3 and 4 mph.
